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Despite the high interest in the feasibility of cloning animals from adult cells, cloning remains an extremely inefficient process [1] . Recent studies have found evidence that somatic donor genomes can be incompletely reprogrammed by oocyte cytoplasm after nuclear transfer, providing a potential explanation for the low success rate seen in nuclear cloning. Of the potential kinds of epigenetic modifications likely to be involved in reprogramming, DNA methylation is by far the best studied. Patterns of DNA methylation in preimplantation murine embryos are known to be dynamic [2] , and are decidedly different from those seen in somatic nuclei. Three groups have now investigated DNA methylation patterns in preimplantation cloned bovine embryos, all identifying aberrant DNA methylation patterns compared to those produced by in vitro fertilisation (IVF). These studies provide a potential clue to the molecular reasons behind the low efficiency of cloning in mammalian systems.
Reprogramming During Normal Development
Shortly after fertilisation, and before the first cell division, the murine paternal genome is abruptly and rapidly demethylated in what is believed to be an active process [3, 4] , the molecular nature of which is not clear. Despite being present in the same egg cytoplasm as the demethylating paternal genome, the maternal genome is resistant to this process and remains methylated. Methylation of the maternal genome is gradually and passively lost during subsequent cell divisions by the failure to maintain methylation patterns after DNA replication [5, 6] . Thus both parental genomes are largely demethylated by the time the embryo reaches the blastocyst stage. This is followed by de novo methylation around the time of implantation.
The evolutionary conservation of DNA methylation reprogramming in the early embryo of other species was not investigated until recently. Studies in both fish (Danio rario) and frogs (Xenopus leavis) failed to identify any evidence for active demethylation immediately postfertilisation [7, 8] . The absence of global demethylation in these two species is intriguing, although it is possible that other forms of epigenetic reprogramming, such as chromatin remodelling, may be more important in these animals. It is worth noting, however, that cloning from frogs was achieved decades before cloning from mammals [9] , indicating that perhaps amphibian somatic nuclei are easier to reprogram than are mammalian nuclei, or perhaps that amphibian oocytes are better at reprogramming than are mammalian oocytes.
Dean et al. [10] have now shown that methylation reprogramming is conserved to a large extent in three other mammalian species: cow, rat and pig. Using indirect immunoflourescence with an antibody against 5-methylcytosine (5-mC), they showed that active demethylation of the paternal genome occurs shortly after fertilisation in each of these species. Methylation patterns were also analysed in later stages of bovine preimplantation development where passive demethylation of the maternal genome was observed, although this did not extend through to the blastocyst stage as in the mouse (Figure 1 ). The timing of de novo methylation appears to differ in bovine embryos, occurring at the 8-16 cell stage as opposed to after the blastocyst stage in mice, indicating species-specific differences in these potential reprogramming events.
Methylation Reprogramming in Cloned Embryos
The successful production of animals by nuclear transfer shows that at least some highly methylated and differentiated somatic nuclei can be sufficiently reprogrammed for embryonic development [1] . The extent to which epigenetic reprogramming is conserved in cloned embryo development is unknown, however, and inefficient reprogramming of DNA methylation patterns may be partly responsible for the low birth rates and developmental abnormalities that often result from nuclear transfer [11] . A focal point of interest is how an enucleated oocyte recognises and reprograms methylation patterns of somatic nuclei.
As well as investigating the conservation of methylation reprogramming events in early mammalian development, Dean et al. What is currently lacking from this story is direct evidence that aberrant DNA methylation patterns actually cause aberrant gene transcription patterns in cloned embryos. We have evidence for aberrant DNA methylation in cleavage stage cloned embryos, and we have evidence for aberrant gene expression profiles in cloned bovine embryos and in cloned mice. Yet it remains to be demonstrated whether the two observations are linked mechanistically. One thing that can be concluded from these studies is that proper epigenetic reprogramming of a somatic nucleus is not easily achieved. The discovery of aberrant DNA methylation patterns in cloned bovine embryos may be an important first step towards increasing the efficiency of what will certainly prove to be a very valuable and important procedure. But the differences in early methylation patterns between mice and cows provides strong evidence that what holds true for one mammal is not necessarily the case for all, and is a further reason why attempting to clone a human is simply out of the question.
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